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REPORT  ON  THE  CHAMBERS  MODIFICATION  OF 
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L,  F«  Ortenzio,  Associate  Referee,  BacteriolvOgical  Unit,  Pesticide 
Regulation  Section,  Plant  Pest  Control  Division 


A number  of  collaborative  studies  have  been  made  on  the  Chambers  Modifi- 

1/  -2/ 

cation"”  of  the  Weber  and  Black  Test  for  determining  the  efficiency 
of  sanitizers  and  detergent^sanitizers  recommended  for  use  on  dishes, 
utensils,  and  equipment  in  restaurants,  dairies  and  food  plants. 

This  method  was  ^ecified  in  the  Revision  of  Appendix  F,  Bactericidal 
Treatment,  Milk  Ordinance  and  Code  » 1953  Recommendations  of  The  Public 

u/ 

Health  Service  issued  on  April  5j  1956  for  evaluating  the  efficiency 
of  chemical  compounds  recommended  for  the  treatment  of  milk  equipment 
without  direct  comparison  to  chlorine"),  It  has  also  been  specified  by 
the  Department  of  Agriculture  in  Interpretation  21,  Part  362  Regulations 
for  the  Enforcement  of  the  Federal  Insecticide,  Fungicide,  and  Rodenti= 
cide  Act  for  use  in  determining  the  limiting  effects  of  water  hardness 
on  sanitizers  and  disinfectants  recommended  for  these  purposes c Therefore, 
the  method  does  have  some  official  status  from  the  standpoint  of  law  en- 
forcement  at  the  present  time.  The  studies  reported  here  were  initiated 
to  develop  sufficient  collaborative  data  so  that  the  method  could  be 
given  consideration  by  the  A,0,A,C,  and  to  evaluate  the  specific  steps 
in  the  present  procedure  with  a view  to  improving  its  precision. 
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In  the  first  stuc^,  one  sample  from  a commercial  shipment  of  a 10%  all^rl 

(CgHl7"Ci3H37)  dimethyl  benzyl  ammonium  chloride  was  tested  by  four 

laboratories.  All  collaborators  were  instructed  to  adhere  to  the  method 

1/ 

as  outlined  by  Chambers^  to  employ  synthetic  hard  waters  as  specified 
in  Interpretation  21  and  to  make  all  tests  using  a solution  containing 
200  p.p.m.  of  the  quaternary  identified  as  sample  X.  The  results  of  this 
stucfy  are  summarized  in  Table  1.  Insofar  as  the  30  sec.  end  point  is 
concerned,  this  study  indicated  that  sanple  X had  a maximum  hard  water 
tolerance  of  600  p.p.m.  ± 67.  The  end  points  at  the  60  and  120  second 
periods  were  considerably  higher  and  in  most  instances  were  not  actually 
determined. 
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TABLE  1.  RESULTS  OF  UNKNOWN  QUATERNARY  SAMPLE  X. 


Laboratory 

No . of 
Tests 

Maximum  water 
99.999%  kill 

hardness  in  p.p.m.  showing 
of  E.  coli  within 

30  Sec. 

60  Sec . 

120  Sec. 

1 

500 

550 

> 600 

J 

2 

500 

550 

700 

3 

500 

600 

> 600 

K 

1 

600 

800 

> 

800 

2 

700 

800 

> 

800 

L 

1 

550 

650 

700 

2 

550 

650 

700 

1 

600 

> 800 

> 

800 

M 

2 

600 

> 800 

> 

800 

3 

600 

> 800 

> 

800 

4 

700 

> 800 

> 

800 

5 

800 

> 800 

> 

800 

12 


600  + 67 


A study  of  the  data  and  statements  made  by  the  collaborators  in  this 
study  indicated  that  the  various  participating  laboratories  had  in  a 
number  of  instances  interpreted  the  Chambers  directions  differently, 
and  it  was  believed  that  the  resulting  variations  in  the  details  of  the 
technique  were  probably  responsible  for  most  of  the  variations  in  the 
results  reported o 

Therefore,  a second  stucty-  was  initiated  in  vdiich  the  Chambers  technique 
was  rewritten  with  the  objective  of  eliminating  some  of  the  options  as 
to  details  of  manipulations  and  also  amended  mth  certain  instructions 
to  assist  the  collaborating  laboratories  in  standardizing  test  culture 
suspensions.  For  this  stucfy-,  two  quaternaries  not  currently  sold  for 
use  in  the  field  of  environmental  sanitation  were  selected  as  unknowns. 
These  were  relatively  pure  chemicals  Ti^ich  in  preliminary  trials  in 
individual  laboratories  had  given  very  reproducible  results  and  could 
be  made  available  to  testing  laboratories  as  standard  reference  samples 
for  use  as  controls  on  the  method  itself.  As  in  the  first  study,  all 
tests  were  made  at  concentrations  providing  200  pop,m,  of  quaternary. 

The  two  sarqples  were  tested  by  8 laboratories.  The  results  are  summa” 
rized  in  Tables  2 and  3,  The  results  indicate  a maximum  average  hard 
water  tolerance  of  l40li  t 39  Pop,m,  for  unlmown  san^les  A and  735  t 6^ 
p,p,m,  for  unknown  sample  B,  From  the  study  of  individual  test  results 
in  both  the  first  and  second  study,  it  would  appear  that  the  precision 
of  the  method  is  probably  * 10%.  That  is,  a product  having  a hard  water 
tolerance  of  500  p,p,m,  of  hardness  could  be  expected  to  have  a standard 
deviation  of  * 50  p,mom,,  and  one  with  a maximum  water  hardness  of  1000 
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PoPoiti,  a standard  deviation  of  * 100  p„poiti.  On  the  other  handj  the 
results  found  “within  individual  laboratories  indicate  that  a greater 
degree  of  precision  should  be  possible. 

One  of  the  greatest  variables  noted  in  the  second  study  was  in  the 
methods  of  interpreting  and  reporting  the  actual  results.  Some 
laboratories  reported  their  results  as  "to  900  p,p,m,"  “when  the  data 
showed  an  equal  number  of  passes  and  failures  at  this  level  and  8^0 
p.p.m,  was  the  highest  hardness  level  at  which  “the  required  end  point 
was  obtained  in  all  trials.  IhuSj  it  would  appear  that  the  maximum  water 
hardness  should  probably  have  been  reported  as  8^0  p.p.m,  AlsOj  in 
some  ins“banceSj  data  was  reported  as  the  highest  level  at  which  the 
required  end  point  was  found  even  though  the  product  failed  more  times 
than  it  passed  at  that  level.  Tables  2 and  3 have  been  corrected  for 
such  differences  insofai'  as  feasible.  However^  one  factor  contributing 
to  the  size  of  the  standard  de“vlation  could  not  be  corrected  for.  In 
a number  of  instances  laboratories  employed  tests  using  hardness  con» 
centration  ranges  of  100  p,p„mo  and  in  such  cases  it  was  impossible  to 
determine  if  an  intermediary  concentration  of  hardness  would  or  would 
not  have  been  the  maximum  tolerance  level  in  that  particular  laboratory. 
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TABLE  2,  RESULTS  ON  UNKNOJII  QUATERNARY  SAMPLE  A 


Laboratory 

No.  of 
Tests 

Ma:x.  water  hardness  in  p.p.m. 
shox’jing  99.999%  kill  of 
E.  coli  within  30  seconds 

Laboratory 

Individuals 

Averages 

1 

U50 

2 

U^o 

+ 1/ 

3 

U50 

Ui3  - 5U 

A 

k 

350 

$ 

350 

6 

350 

7 

350 

8 

350 

1 

Uoo 

2 

Uoo 

B 

3 

Uoo 

U08  - lU 

h 

Uoo 

5 

U50 

6 

uoo 

1 

350 

c 

2 

350 

350  - 0 

3 

350 

U 

350 

1 

350 

D 

2 

350 

375  ! 25 

3 

Uoo 

U 

Uoo 

E 

1 

500 

U75  ” 25 

2 

U50 

-6a= 


TABLE  2.  RESULTS  ON  UNKNOWN  QUATERNARY  SWLE  A 


Laboratory 

No.  of 
Tests 

Max.  water  hardness  in  p.p.m, 
showing  99.999%  ki.ll  of 
E.  coli  within  30  seconds 

Laboratory 

Individuals  Averages 

1 

h90  p / 

F 

2 

h$0  k$0  + 0 

3 

U50 

h h^O 


1 

koo 

G 

2 

hOQ 

koo  + 0 

3 

hOO 

1 

Uoo 

H 

2 

500 

1^30  ^ 38 

3 

U50 

a 

ii5o 

350 

36 


kOh  + 39 


1/  i|00  p.p.iri.  not  run.  Possible  end  point  at  this  level  for  all 
””  3^0  values  reported. 

2/  Reported  as  the  average  of  U determinations  + factor  not  tecfmo 
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TABLE  3.  RESULTS  ON  UNKNOWN  QUATERNARY  SAMPLE  B 


Max,  water  hardness  in  poPoirio 

NOo  of 

showing 

99o999%  kill  of 

Laboratory 

Tests 

Eo  coli 

within  30  seconds 

Laboratory 

Individual  Averages 

1 

'6'^6 

2 

6$0 

3 

6^0 

J;/ 

A 

h 

6^0 

650  + 0 

5 

650 

6 

650 

7 

650 

8 

650 

1 

850 

2 

800 

B 

3 

850 

808  + 25 

U 

800 

5 

800 

6 

750 

1 

750 

C 

2 

700 

738  19 

3 

750 

h 

750 

1 

700 

D 

2 

700 

713  19 

3 

700 

h 

750 

1 

1000 

E 

2 

900 

950  + 50 

1 

750 

0/ 

Y ^0 

F 

2 

750 

3 

750 

h 

750 

TABLE  3c  RESULTS  ON  UNKNCM-T  QUATERNARY  SAMPLE  B (Continued) 


Laboratory 

NOo  of 
Tests 

V 

MaXc  water  hai-'driess  in  popcrao 
showing  99o999%  kill  of 
Eo  coli  >Jithin  30  seconds 

Laboratory 

Individual 

Averages 

1 

800 

G 

2 

800 

800  + 0 

3 

800 

1 

900 

H 

2 

900 

775  + 125 

3 

650 

U 

650 

Total  735  + 65 


1/  Eight  failures  at  750  poPoitio  reported  but  not  rim  at  700^  latter 
figure  probable  end  point o 

JJ  Reported  as  average  of  I4  separate  deteminations  ^ factor  not  knot-jn„ 


As  a part  of  the  second.  stu<^^  duplicate  samples  of  synthetic  test 
waters  were  made  up  according  to  the  procedure  forwarded  to  all  col- 
laborators at  varying  levels  of  hardness  and  titrations  made  by  the 
EDTA  Method  to  determine  the  actual  hardness  levels  obtainedc  These 
results  are  given  in  Table  ho  It  should  be  pointed  out  that  more  pre- 
cise standardizations  are  possible  by  standardizing  a large  volume  at 
a high  level  of  hardness  according  to  titration  with  subsequent  dilu- 
tion to  the  level  desired  em.ploying  boiled  disuilled  watero  For 
routine  work^  however ^ the  rapid  dilution  procedure  emplc^ed  with  the 
solution  reported  in  Table  h appears  to  be  sufficiently  precise « 


IN  WATERS 


Cainva  r 

levels  of 
hardness 


Actual  hardness  Isv-sls 
determined  by  titrations 
y Labi 


Laboratory 


) oratory 


PoPom 

PoPomo 

PoPom„ 

250 

256 

255 

350 

251 

250 

3h5 

350 

h5o 

3h5' 

360 

[1)46 

hh5 

6<0 

hho 

h5o 

669 

650 

750 

6hl 

6h5 

761 

770 

8^0 

781 

760 

891 

8h5 

905 

ra.-,  -.rc=-‘  _ — - 

865 

In  the  revised  instructions  sent  out  in  the  second  study^  it  was 
specified  that  the  stock  culture  of  ^ coli  should  be  cai’ried  on 
AoO.AoCo  Nutrient  Agar  rather  than  the  Difco  Agar  listed  by  C3iamberSo 
One  collaborator  made  comparative  studies  employing  a stock  culture 
carried  on  Difco  Agar  and  one  carried  on  AoO<,A»C<,  Nutrient  Agar^ 

This  study  revealed  no  substantial  differences  in  results » The 
actual  data  is  summarized  in  Table 
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TABLE  5.  COMPARISON  OF  RESULTS  OBTAINED  USING  STOCK 
CULTURES  CARRIED  ON  A.O.A.C.  NUTRIENT  AGAR  AND  ON 
DIFCO  NUTRIENT  AGAR.  


Water 

Hardness 

Test 

No. 

A.O.A. 

Per 

C.  Nutrient  Agar 
cent  survival  in 
30  secs. 

Difco  Nutrient  Agar 
Per  cent  survival  in 
30  secs. 

p .p  .m. 

1 

< 

0.0001 

< 0.0001 

250 

2 

0 

< 0.0001 

3 

< 

0.0001 

< 0.0001 

4 

0 

0 

1 

< 

0.0001 

< 0.0001 

350 

2 

0.0007 

< 0.0001 

3 

< 

0.0001 

0.0001 

4 

< 

0.0001 

< 0.0001 

450 

1 

0.0012 

0.0008 

2 

0.0010 

0.0010 

3 

0.0009 

0.0021 

4 

0.0008 

0.0022 

1 

< 

0.0001 

< 0.0001 

650 

2 

< 

0.0001 

< 0.0001 

3 

< 

0.0001 

0.0006 

4 

< 

0.0001 

0.0004 

1 

0.0014 

0.0011 

750 

2 

0.0030 

0.0011 

3 

0.0093 

0.0102 

4 

0.0227 

0.0048 

1 

0.0160 

0.0111 

850 

2 

0.0154 

0.0140 

3 

0.0529 

0.1207 

4 

0.0510 

0.1073 

. 6/ 

In  the  1956  Associate  Referee  Report  ””  results  were  presented  which 
indicated  that  the  30  second  end  point  in  the  Chambers  Method  with 
hypochlorite  was  at  the  $0  p„pom.  available  chlorine  level.  Extensive 
tests  with  commercial  acid  iodine  preparations  show  that  the  end  point 
in  this  method  is  often  achieved  when  the  pH  is  below  at  a concen- 
tration providing  6,29  p.p<.m<,  of  titratable  iodine.  Since  the  lowest 
concentration  with  hypochlorite  accepted  as  a starting  solution  is 
100  p,p,m,  of  available  chlorine  and  the  lowest  concentration  of  iodine 
acc^ted  as  a starting  solution  is  12,5  Pop,m,  of  titratable  iodine,  it 
would  appear  reasonable  to  multiply  the  lowest  effective  concentration 
at  the  30  second  interval  in  the  method  by  2 to  determine  the  lowest 
concentration  of  germicide  which  should  be  recommended  for  use.  This 
brings  up  a mimfcer  of  questions  relative  to  acceptances  with  quaternary 
ammonium  preparations. 

A third  collaborative  study  was  irdtiated  to  determine  the  minimum  con- 
centrations of  2 quaternary  ammonium,  preparations  which  would  give  the 
required  99 « 999^  kill  in  the  Chambers  procedure  at  a water  hardness  level 
of  250  p„p,m.  Sample  A in  this  study  contained  a quaternary  “idiich  in 
preliminary  trials  did  not  give  the  required  end  point  at  a 100  p,p.m, 
quaternaiy  level  in  water  of  250  p,p,m,  of  hardness  but  sample  B did 
apparently  give  the  required  end  point  at  this  level. 

The  collaborative  results  from  3 laboratories  are  given  in  Table  6,  The 
results  reported  by  laboratories  2 and  3 would  indicate  that  a factor  of 
2 times  the  minimum  concentration  giving  the  reqi's.ired  30  second  end  point 
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in  the  Qiambers  Method  coiild  be  relied  upon  to  provide  a safe  working 
solution  and  also  that  this  factor  would  probably  not  require  extensive 
revisions  in  the  currently  accepted  labels  for  such  products.  Laboratory 
1^  on  the  other  hand^  reported  results  which  would  indicate  that  such  a 
factor  might  require  in  some  instances  at  least  higher  starting  ccncen-= 
trations  of  quaternaries  than  200  pop,m. 


TABLE  6,  RESULTS  ON  ?ARY1:NG  CONCENTRAITONS  OF  UMI'IOWN  QUATERNARIES 


IN  WATER  OF  2^0  P,P,M,  OF  EmmSS 

Unknown 

Quaternary 

Cone, 
P,P,M, 
Qo  A o Go 

Laboratoiy  1 
Percentage  kill  in 

Laboratory  2 
Percentage  kill  in 

Laboratory  3 
Percentage  kill  in 

30  Sec, 

2 Min, 

30  Sec, 

2 Min, 

30  Sec, 

2 Min, 

1^0 

TNTC 

99.999 

99.999 

99,999 

99,999 

99.999 

A 

200 

99,985 

99.997 

99.999 

99,999 

99,999 

99,999 

2>0 

99,998 

99.999 

99.999 

99,999 

99.999 

99,999 

300 

99,999 

99,999 

99.999 

99.999 

99,999 

99,999 

100 

TNT-C 

99,997 

99,999 

99.999 

99.999 

99,999 

B 

125 

99.999 

99,999 

99,999 

99.999 

99,999 

99,999 

150 

99.999 

99,999 

99,999 

99.999 

99,999 

99,999 

s 


1/  TNTC  Colonies  too  numerous  to  co\mt. 
No  calculations  inade. 


In  connection  with  this  particiilar  stuc^j  one  collaborator  sts.brrdtted  data 
on  a stfi(^  of  a quaternary  arranonimn  detergent- sanitiaer  formulation  '^dierein 
tests  were  made  by  the  Chambers  Method  on  the  cleaning  solution  before  and 
after  actual  use  on  a farm  dairy.  In  this  study  titrations  were  also  iiiade 
to  determine  the  concentrations  of  quaternaries  using  the  method  Furlorig 

JJ 

and  Elliker,  Some  of  these  results  ha^e  been  listed  in  Table  ?,  These 
indi.cate  losses  of  quaternary  in  use  due  to  combinations  with  organic 
matter  or  otherwise  on  the  order  of  30-35/'^.  They  also  indicate  that  resi- 
dual concentrations  of  less  than  130  p.p.m,  of  quaternary  cai'rying  organic 
residues  may  not  have  the  minimum  activity  required  in  the  (Jnm^nbers  pro- 
cedure ^ under  all  conditions.  These  results  are  int^preted  as  added 
evidence  indicating  •yie  necessity  of  a safety  factor  for  interpreting  results 
obtained  ly  the  Chambers  Method  'wiiii  quaternary  aramoni'im  preparations  of  at 
least  60^a  It  is  quite  obvious  from  this  data  that  the  100^  factor  found 
applicable  for  chlorine  and  iodine  type  products  would  be  adequate  with 
quaternary  ammonium  preparations  insofar  as  effectiveness  is  ooneerned®  It 
should  be  acknowledged^  however ^ that  the  necessity  for  a scifety  factor  of 
this  magnitude  for  quaternaries  is  not  actually  demonstrated  in  this  inst.anceo 


TABLE  7o  RESIDUAL  CONCENTRATIONS  OF  QUATERNARY  AMONIM  GEEMIGIDl  IN 

THE  CHAMBERS  PROCEDURE  IE  FIELD  STUDIES  ON  MILKING  EQCnPMENT^ 


Period 
of  Use 

P„PaM„ 

QoA,eCo 

by  titration 

Tests  by  Chambers  Method 

Contact 

Period 

t^'oo  of  ~Coionies 
SurviYlng 

Per'“c^^ 

Reduction 

Before 

186 

30  SeCo 

0 

100  „0 

After 

126 

18 

0 

lOOoO 

Before 

158 

30  SeCo 

192 

99,999 

After 

126 

85 

TNTC 

99  o9- 

Before 

192 

30  SsCo 

0 

100,0 

After 

120 

89 

TNTC 

99,9- 

Before 

212 

30  Sec, 

2 

99,999 

After 

lii6 

95 

13 

99,999 

Before 

210 

30  Sec, 

0 

100,0 

After 

152 

36 

0 

100  oO 

Before 

196 

30  Sea, 

0 

100  „() 

After 

162 

!» 

0 

100,0 

Before 

212 

30  Sec, 

10 

99,999 

After 

168 

t! 

0 

100,0 

Data  ^bmitted  Dr,  Mo  Speck^  Departiaent  of  Animal  Industry^ 
North  Carolina  State  Ccllege^  Raleighj,  North  Carolinao 


If  a factor  of  2 times  the  mnimiM  effeetiTe  consentratioB,  the  Qi.air&ers 
procedure  at  30  seconds  is  applied  to  determine  the  miainium  concentration 
■i^hich  can  be  recommended  in  use  how  can  this  be  reconciled  with  the  eurrent 
applicaticm  of  the  method  in  determining  maxirauiTi  h^d  water  tolerances  at 
iHie  recommended  concentrations? 

Since  th^e  is  a direct  relation  between  quaternary  concentration  and 
water  hards’iess^  discrepancies  cannot  be  avoided  here  uisless  th©  basis  for 
det^mining  the  mintrtMM  effective  concentration  en^lcyii^  -fee  safe^ 
factor  indl,cated  tied  t©  results  obtained  in  distilled  water  and  the 
maximum  watcsr  h^daess  tolerance  subseqsiently  detenraned  on  the  eoncen- 
trati^on  deteimiined  by  imltiplying  this  value  by  2|  ©r^,  the  current  px"ac= 
tice  of  determining  maximimi  hard  water  toleraiices  based  on  the  reccmraendsd 
'use  conceatration  abandoned  in  favor  of  a complete  hard  water^quatemar^f 
concentraticn  astiTity  cm”ve  determined  by  the  CSisa^ers  Methoxio  latter 

alternative  might  be  considered  the  most  desirable  in  some  quai^ters  and 
should  not  be  prohibited*  However^  the  former  be  more  simply  applied 
in  ■&e  routine  testing  of  coiTmiercial.  sajriples  and  would  have  to  be  adopted 
as  the  primary  basis  af  current  evaluations  * 

RECQM>IEmTIOIS 

It  is  recommended  that  the  Chambers  modification  of  the  Weber  and  Black 
Method  be  accepted  as  outlined  below  on  a First-Action  basis. 

It  has  been  siiggested  that  samples  A & B in  the  second  study  be  accepted 
as  official  reference  for  uBe  in  controlled  tests  when  the 

method  is  applied  to  usiknown  quaternaries  or  samples  ©f  comercially  dis- 
tributed products.  This  suggestion  has  considerable  merit  and  should  be 
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given  further  study*  Before  such  an  action  could  be  taJcen^  it  ’^11  be 
necessary  to  work  out  in  detail  such  factors  as  standardization  and 
identification  of  the  reference  material  and  methods  of  distribution  to 
testing  laboratories. 

Germicidal  Sanitizers  and  Detergent=Sanitizers<, 

(First  Action) 

(Suitable  for  use  in  determining  the  minimum  concentrations  of  germicide 
'Which  can  be  permitted  in  use  and  when  multiplied  by  the  factor  2 the 
miniTrmm  recommended  starting  concentration!  also^  the  ma:d.mum  water  hard= 
ness  tolerances  for  recomended  concentrations*) 

1*  Test  Culture  Medias 

(a)  (l)  Nutrient  Agar  = Boil  3 g.  beef  extract^  p g.  peptone  (Bacto 

or  equivalent^  (special  grades  not  to  be  used)^  1$  g. 

(use  for  daily  transfer  of  test  culture).,.  (2)  Nutrient  Agar  = 
Boil  3 g.  beef  extract j 5 gt  peptone  (Bacto  or  equivalent) 
(special  grades  not  to  be  used)_^  30  g.  agar,  (use  for  grow= 
ing  test  cultur-e  in  French  square  bottles, 

(3)  Nutrient  Agar  (A*0*AeCO  = Boil  5 beef  e:ctract  (Difeo)^ 
5 g*  NaCl^  10  g*  Armour  peptone^,  g*  agar^  in  1 liter  of 
distilled  X'Jater^  adjust  to  pH  7,2  - for  preparing 

stock  culture  slants) , 

(b)  Subculture  Medial 

(1)  Use  Tryptone  glucose  extract  agar  (Difeo)  plus  2^  ml*  of 
stock  neutralizer  per  liter  af  agar*  (2)  Tryptone  glucose  extract 
agar  (Difeo) * 


1 


■.r\. 


2o 


Neutralise  Stock! 
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(a)  (l)  I4.O  go  Asolectin^  230  mlo  Tween^BOj  lo25  mlo  phoSo  buffer^ 
distilled  water  to  1 liter  adjust  to  pH  7o2,  Dispense  in  100 
mlo  amounts  and  steilize  at  1$  IbSo  for  20  minutes « 

(b)  Neutralizer  Blanks!  (for  200  ppm  QoAoCo  or  less) 

(1)  Neutralizer  stock  100  mlo  M/H  phoSo  buffer  pH  7o2j,  2$  mlo 
distilled  water  l6?5  mlo  Dispense  in  1^0  x 20  test  tubes  9 
ml^  per  tube.  Sterilize  at  15  IbSo  for  20  minutes 
3e  M/U  Phosphate  Buffer  Stocks 

Dissolve  3ho0  g®  potassiim  dihydrogen  phosphate  (KH2P0^  in  $00  mlo 
distilled  water ^ adjust  to  pH  7o2  with  1 F.  NaOH  and  make  up  to  1 
litei"  o ) 

i|. o Phosphate  Buffer  Dilution  Blanks! 

(1)  Add  lo25  M/h  Phosphate  Buffer  stock  to  1 liter  distilled  water ^ 
make  99  ml®  blanks « 

5o  Test  Qrganiamg!! 

(1)  Use  Essheriohia  coll  ATCG  11229  or  (2)  Mcrococcus  pyogenes 
varo  aTrfeus  FDA  209 <>  Other  species  mag^  be  used  for  special  purposes « 
Maintain  stock  culture  on  nutrient  agar  AoOoAoGo 
60  Apparatus! 

(1)  Glassware  ■=  (a)  Erlenraeyer  flasks ^ wide  mouthy  250  ml <,3  (b) 

100  mlo  graduate^  (c)  Pipettes  (milk  type)^  (d)  Test  tubes  150  x 20, 
The  above  ^io\iLd  be  washed  in  strong^  fresh  cleaning  solution^  fill 
and  «irain  at  least  3 times  o Sterilize  for  at  least  2 hours  at  l80®Go 
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(e)  Petri  dishee  - sterile 

(f)  French  sqaare  bottles  175  ralo  (borosilicate) „ 

,0 

(2)  Water  Bath  ■=  Appropriate  water  bath  at  2$  Go 

7o  Preparation  of  coltare  snspensiong 

From  the  stock  make  da3,ly  transfers  for  3 saceessive  ds^s  to 

natrient  ag.ar  slants  1^  a^  (l)  incubating  the  transfers  in  20-2i|  hours 
at  35  Co  Do  not  continue  to  use  a culture  more  than  30  days  without 
starting  anew  from  stock  ooltureo  If  only  a daily  transfer  has  been 
missedj  repeat  with  h daily  transfers » Inoculate  into  175  ri^lo  Pyrex 
French  bottle  (borosllicate  glass)  containing  20  mlo  of  nutrient 

agar  l^a^25  and  allowed  to  soli.dify  with  bottle  resting  in  a horizontal 
position  o Culture  bottles  are  inoculated  by  washing  the  growtti  from 
an  ^ar  slant  into  99  rfilo  piioj^hate  buffer  dilution  blanlc  and  adding 
2 mlo  of  this  suspensicn  to  each  culture  bottle  which  is  tilted  back 
and  forth  to  'distribute  the  suspension  after  iM,ch  excess  liquid  is 
drained  off  o Incubation  is  for  I8=2i|.  hours  at  35^Co  agar  side  down, 
Culture  is  r^oYed  from  the  agar  surface  of  h or  more  culture  bottles 
using  3 mlo  of  phosphate  buffered  dilution  water  with  the  aid  of  glass 
beads  to  suspend  the  growth  from  each  bottle « Suspensioss  so  prepared 
is  filtered  through  NOo  t paper  and  collected  in  a sterile 

tube.  Filtration  m^  be  hastexied  1:^  rubbing  the  filter  p^er  gently 
with  a sterile  policemano  This  suspension  is  then  standardized  by 
dilution  with  sterile  dilution  water  phosphate  buffer  using  a Lumetron 
Colorimeter  according  to  the  following  table  to  give  an  aTerage  of  10 
billion  organisms  per  mlo^  or  a McFarland  Nephelometer  o 
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Lmnetron  Colorimeter 


370 

Ma 

ii20 

Mu 

ii90 

Mu 

FILTERS 
530  5^0 

Mu  Mu 

580 

Mu 

6^0 

Mu 

Av^age  Bact, 
Counts^ 

Percent 

7o0 

iloO 

6o0 

6o0 

6o0 

7o0 

8,0 

13o0 

of 

8o0 

^oO 

7o0 

7o0 

7o0 

8,0 

9o0 

n,5 

Light 

9o0 

6o0 

8o0 

8o0 

8,0 

9o0 

10  oO 

10,2 

TranS“ 

lOoO 

7o0 

9o0 

9o0 

9o0 

IloO 

11,0 

8,6  . 

mission 

IloO 

8o0 

lOoO 

10  oO 

10,0 

12,0 

13o0 

7o7 

13o0 

9o0  12o0 

12  oO 

12,0 

13  oO 

I5o0 

6,7 

^ Bacteria  count  in  billions/ml. 

If  the  Lurnetron  is  employed^  the  suspension  is  diluted  in 
Luraetron  tube, 

McFarland  Nephelometer 
(Barium  Sulfate  Standards) 

a sterile 

Standard 

2%  Stock  Soln, 

1%  Stock  Soln, 

Av,  Bact, 

o 

o 

BaClp  ml,. 

HpSPij  ml. 

Count-5'- 

1 

iioO 

96,0 

5o0 

2 

5o0 

95o0 

7.S 

3 

6,0 

9iio0 

8.5 

h 

7o0 

93oO 

10,0 

5 

8,0 

92,0 

12,0 

« 6 

10,0 

90,0 

l3o5 

? 

12,0 

88,0 

I5o0 

Bacteria  comt  In  biHlor4s/ml,o 


Select  7 tubes  of  the  same  internal,  diameter-’  as  that  containing  the 
test  culture  suspensiono  Put  10  mlo  of  each  s-tispensicai  of  baritim 
sulfate  in  each  tube  and  seal  the  tubeo  Best  standardizations 
are  obtained  by  diluting  the  suspension  to  correspond  to  the  NOo  h 
standard,, 

Synthetic  Har-d.  Waters 

(l)  Two  stock  solutions  are  preparedo  One^  solution  Aj  is  made 
by  dissolving  31o7U  g of  MgCl2  and  73o99  g CaClg  in  boiled  distilled 
watei"  and  adjusting  t©  1 liter  volume  o The  other  solution  B is  made 
by  dissolving  56® 03  g NaSiCOj  in  boiled  di.stiH.ed  water  and  adjusting 
to  1 liter  volume o Solution  A may  be  heat  sterilized o Solution  B 
cannot  be  heat  steiiilized^  but  it  can  be  sterilized  ty  filtration , 

The  required  amount  of  solution  A is  added  to  a steril.e  one  liter 
flask  and  at  least  600  mlSo  of  sterile  distilled  water  added o Then^ 
ii  ml.So  of  solution  B is  added  and  the  volume  brought  to  1 liter  'with 
sterile  distilled  water o Each  ml,  of  solution  A used  will  give  a 
water  equivalent  of  approxi,itiate2y  ICiO  poPoiHo  of  hardness  ealsul.ated 
as  CaCO^  usir»g  tiie  fontralas 

Total  hardness  as  poPom,  of  CaGO^  ® x poPorric  ©f 

Ca  X poPoMo  of  mg. 

The  pH  of  al.l  test  waters  up  to  2^000  pop,m,  oi  hardr«ess  should  fail 
between  7o6  and  8oG,  Chemicals  of  reagent  grade  should  be  enplcyed. 

If  the  hydrates  of  MgCl^  are  used^  sidDstitutions  should  be  made  on  an 
equi.molar  basis ^ respectively.  All  synthetic  hard  waters  prepared  for 
use  'by  this  procedur^e  should  be  diecked  chemically  for  hardness  at  the 
time  the  tests  are  made^,,  employing  a procedure  or  procedures  described 
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in  the  10th  Edition  Standard  Methods  for  the  Examination  of  Water^ 

Sewage  and  Industrial  Wastes  <, 

9.  Performance  of  Tests 

(a)  Measrore  99  mle  of  test  water ^ containing  bactericide  at  the  concen- 
tration to  be  tested^  into  chemically  eleanj  sterile^  2^0  mlo  wide 
mouth  Erlenrayer  flasks  and  place  in  constant  tenqjerature  bath 
until  it  becomes  stabilized  at  25°C»  or  at  least  20  minutes » 
Prepare  duplicate  flasks  for  each  germicide  to  be  tested*  Also^ 
prepare  a similar  flask^  containing  99  ml,  of  sterile  phosphate 
b'offer  dilution  water  as  an  '“initial  numbers'*  control. 

(b)  Add  1 ml c of  culture  suspension  to  each  test  flask  as  follows s 
whirl  flaskj  stqppirjg  just  before  suspension  is  addedj  creat- 
ing sufficient  residual  motion  of  liquid  to  prevent  pooling  of 
suspension  at  point  of  contact  with  test  water.  Add  suspension 
midway  between  the  center  and  edge  of  the  liquid  sui'face  with 
tip  of  pipette  slightly  immersed  in  test  solution.  Avoid  touch- 
ing pipette  to  neck  or  side  of  test  flask  during  addition  of 
suapensicn.  Transfer  1 ml.  portions  to  neutralizer  blanks 
exactly  30  seconds  and  60  seconds  after  addition  of  suspension. 

Mix  well  immediately  after  transfer.  For  a numbers  control 
transfer 2 add  1 ml.  of  culture  suspension  to  99  mis,  of  sterile 
phosphate  buffer  dilutiOT  water  in  ‘tti.e  same  manner.  In  the  case 
of  the  '“numbers  control^"  plants  need  only  be  made  immediately 
after  adding  and  thorough  mixing  not  longer  than  30  seconds.  In 
the  performance  of  the  testj,  it  is  advantageous  to  use  milk 
pipettes  for  adding  culture  and  withdrawir^g  samples. 
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(c)  Plate  from  neutralizer  tube  to  agaTo  In  the  case  of  the 
quaternariee^  use  l5bj,(l)o  With  the  numbers  control^  use 
l^b5(2)o  Where  1/10  mlo  portions  are  planted^  a l=ral„ 
pipette  graduated  at  l/lO  mlo  intervals  is  suggested » For 
necessarj^  dilutions  t©  give  countable  plates^  use  phos= 
phate  buffer  dilution  water  (1|.)  o For  the  numbers  control ^ 
the  followirig  dilution  procedure  is  suggested£ 

1 mlo  of  exposed  culture  (l  m3,o  culture  suspension  transferred 
to  99  mlSo  phoSo  buffer  in  water  bath)  to  99  mlSo  phosphate 
buffer^  dilution  Ao  Shake  thoroughly^  and  transfer  1 mlo 
dilution  A to  99  mlSo  phosphate  buffer^  dilution  Bo  Shake 
thoroughly^,  and  transfer  1 ralo  dilution  A to  99  nilSo  phos= 
phate  buffer g dilution  Co  Sliake  thoroughly ^ and  transfer 
k 1 mlSo  and  I;  0,1  mlo  aliquots  to  indi-vidual  sterile  petri= 
dishes.  For  the  test  samples^,  the  follomng  dilution  pro= 
cedure  should  be  sufficients 

1 mlo  of  exposed  culture  (1  !nl„  culture  suspenion  99  mis, 
medicant)  into  9 mis,  of  neutralizer  2obo(l)o  Shake^  and 
transfer  li  1 ml,  and  h 0,1  ml,  aliqi'iots  to  indi,vidual  sterile 
petri<=disheso  For  the  numbers  control^  use  Tryptone  glucose 
extract  agar  lob, (2)^  and  for  the  tests  with  quaternaries  use 
Tryptone  glucose  extract  agar  5 plus  neutralizer  lobo(l)o  Cool 
agar  to  solidify ? and  then  invert  and  place  in  incubator, 

(d)  Incubate  plates  in  an  inverted  position  at  35°C,  for  ii8  hours 
before  counting. 
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10  ^ Results 

Resid.tSg  to  be  considered  effecti¥e  must  meet  the  standard  effective^ 
ness  sp^ecified  in  the  Chambers  Method|  that  99  =>999  percent 
reduction  in  the  count  of  the  number  or  organisms  within  30  seconds o 
Report  results  accerdi,ng  to  actual  count  and  percentage  reduction 
cw&t  numbers  control o The  counts  on  the  numbers  control  for  the 
germicide  test  mixt-ure  should  fall  between  75  and  125  million  per  mlo 
for  the  percentage  reductions  to  be  considered  ¥alido 

11 o Sterility  Controls g 

(a)  Neutralizer  ° plant  1 mlo  from  a previously  unopened  tube 
of  neutr all. zero 

(b)  Each  type  of  water  used  = 1 mlo  quantity  per  plate, 

(c)  Sterile  di.stilled  water  ° 1 ml,  per  plate, 

(d)  After  coimting  plates^,  confirm  that  surviving  organisms 
were  E,  coli  transfer  to  brilliant  green  bile  broth 
fermenCaTIoii  tubes  or  lactose  broth  and  EoMoB*  agar. 
Confirmation  by  straining  is  suggested  with  pyogenes 
var_o  aureus  as  the  test  organism , 

12  o Resistance  to  Phenol  of  Teat  Cultm^esg 

(a)  It  is  reconmiended  that  the  rssiatanee  to  phenol  be  determined 
at  least  every  three  months  'by  the  AcOcAoC,  Method 

13  0 Unlmown  Saniiplees 

The  p^^centage  composition  given  on  the  label  or  as  determined 
should  be  used  as  a guide  to  the  san^le  weight  required  for  the 
volume  of  water  used.  From  this  stock  dilution^  1 ml,  can  be  trans° 
f erred  into  99  mis,  of  test  water  to  give  a 200-=poPom,  solution.  In 
making  this  transfer ^ the  1 ml,  pipette  should  be  filled  and  allowed 
to  drain  back  into  ttie  stock  solution^  and  tlien  refilled  to  correct 


for  adsorption  on  the  glass o After  mixing,!  ml,  can  be  discarded 
to  provide  the  99  ml,  of  test  water  9oa<> 
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